Objective:Transdermal route of drug administration has absorbed largeinterests for its many advantages. Several materials, mainly different solvents and surfactants, have been used as excipients to enhance the skin permeation of drugs.Nanoparticles (NPs) also have been proved to affect the permeations of substances.ZnO-NPs, widely used in topical products, have been investigated in this study in terms of their effects on permeations of different substances (excipients) and therefore permeations of active ingredients. Method: To determine the skin permeation of everysubstance, diffusion cell method and a cut of chicken skin were employed following by quantication of the substance concentration in the receiver medium after 1.5 hours.
INTRODUCTION
Transdermal drug route of administration has lots of advantages including easy, safe, non-invasive, painless, decreased or loss of rst-pass drug metabolism, no gastro-intestinal degradation, long time delivery (>24 hours) (Especially transdermal patches), controlled delivery, controlled termination, bypassing GI absorption steps, dramatic pH changes, enzyme effects and transit times,and ultimately easier preparation of the 1 dosage forms than the parenterals . The most important barrier for transdermal drug delivery is the skin's horny layer or stratum corneum (SC). This layer must be altered for penetration of drugs through the skin. This has been the subject of research for pharmaceutical 2 scientists during the two latest decades . Extensive research on chemical penetration enhancers (CPEs) has been performed during the latest 20 years which form the main strategy of formulation-design 3 approaches for transdermal drug delivery . It is now well known that formulation components can improve the 4 quantity and rate of transdermal absorption of drugs . Permeation of a drug through the skin in the presence of a n e n h a n c e r i s r e l a t e d t o p h y s i c o -c h e m i c a l [5] [6] [7] characteristics of the enhancer and the drug . [20] [21] [22] [23] [24] [25] glycine:75.07 g/mol . Skin permeations were determined using an ex-vivo method employing a diffusion cell and a piece of chicken skin. Using this model is also supported by the fact that SC, the site of enhancer action, presents similar 25 behavior in vivo and in vitro because it is not a live layer .
MATERIALS AND METHODS
ZnO-NPs, sunower oil, olive oil, coconut oil, LP, DMSO, THF, EA, 8PG, EG, glycerol, ethanol, IPA, acetic acid, tween80, SLS, TEA, cholesterol and glycine, were purchased from Sigma-Aldrich company, USA.
Preparation of formulations
Data related to the formulations are presented in the Table 1 (formulations 1-18). Every formulation of 1 to 14 containedonly 2ml of every liquid solvent or surfactant.Every formulation of 15 to 18 contained 100mg of every powder surfactant mixed by 2ml of deionized water (DW) to make a paste (by stirring for 10 minutes). The addition of DW was to make the powder skin permeation possible. 
TEA (100 mg) (2 ml) 17
Cholesterol (100 mg) (2 ml) 18
Glycine (100 mg) (2 ml)
Permeation test
The transdermal penetration of every substance was determined by a diffusion cell with an effective diffusion 2 area of 10 cm with a glass cap. Its 30 ml volume receiver chamber was lled with 30 ml of phosphate buffer solution, pH 7.4 as medium. Whenthe three oily solvents, LP, DMSO and THF were used, 30 ml of nhexane was used instead of DW. An isolated piece of skin of a 3 months old chicken was xed between the two chambers as the diffusion membrane, making an almost stretched condition of the skin. Isolated skins were carefully selected in order to have low underlying fat tissue. They were accurately selected in order to be completely similar in terms of thickness of the fat tissue and the number of feather follicles. For every permeation test experiment, each formulation was placed and spread on the skin. Experiments were repeated with addition of 200 mg ofZnO-NPs to every formulation on the skin. Then the cap (donor chamber) was placed and xed at the top to avoid evaporation. The cell was placed in a shaker-incubator (Heidolph incubator 1000, Heidolph co., Germany) at 32°C for an 3, 24 exposure time of 1.5 hours . Every 15 minutes the cap was taken away and the formulation was rubbed evenly by a swab to help the penetration. After 1.5 hours, the medium was analyzed for the concentration of the related solvent or surfactant using a UV-Vs spectrophotometer (Perkin-Elmer-Lambda25, USA 
Statistical analysis
The permeation test experiment for every substance (solvent or surfactant), was repeated three times (also three more times in the presence of the ZnO-NPs for every substance). The concentration of the permeated substances was determined every time.The reported data aremean±SD (n=3). One-way analysis of variance (ANOVA) was used for comparing the mean differences. SPSS for Windows (release 11.5.0) was employed for statistical analysis and p-value<0.05 was considered to be signicant.
RESULTS
The formulation components are shown in Table 1 . Dermal permeations of the formulations are shown in Figure 1 , as well as their related percentages.In the absence of the ZnO-NPs, the permeated amounts of the substances ranged from 0.22 ml (for acetic acid solution) to 1.11 ml (for LP), and about powders, from 5.8 mg (for glycine) to 11. 
. (a): Mean permeated amounts (%) of each group without the ZnO-NPs ( ) and in the presence of the ZnO-NPs ( ) (n=3), (b):Differences between each pair of the means ofpart (a), (Group 1: Oily solvents including sunflower oil, olive oil and coconut oil, Group 2: Hydrophobic solvents including LP, DMSO, THF and EA, Group 3: Hydrophilic solvents including PG, EG, glycerol, ethanol, IPA and acetic acid solution, Group 4: Surfactants including tween80, SLS, TEA, cholesterol and glycine).

DISCUSSION
Considering the rst data series presented in the Figure  1 , (a), (b) and © the used substance spossessed different permeations(p<0.05) through the skin conrming previous works published by other [26] [27] [28] [29] [30] [31] researchers . Among these substances, LP, PG and glycerol possessed the highest permeations, respectively (p<0.05). Such an excellent permeation for the LP could be attributed to its hydrophobicity and also its ability to dissolve the lipids of the skin layers. Such acceptable permeations for the PG and the glycerol could be attributed to their good solvent properties besides their ability to absorb and keep water. The permeations of the three oily solvents were near to each other (p>0.05). As mentioned, among the hydrophobic and hydrophilic solvents, the highest permeations belonged to LP and PG, respectively (p<0.05). Among the surfactants, the highest permeation belonged to tween80 (p<0.05). It could be attributed to its higher hydrophobicity than the other used surfactants, although it had a signicantly higher MW than the other surfactants. Apparently, the surfactants positioned between the amphiphilic molecules of the skin layers because of the natural chemical structure of the surfactants. Therefore, they could just slightly pass and leak out the skin. In this order, the liquid state and the nonionic characteristic of the tween80 helped it to pass through the skin more than others. Considering the second series of the Figure1 (a), (b) and (c), using the ZnO-NPs increased the permeations of all the substances(p<0.05). These increases showeddramatic variations between different substances. The data of the part (d) come in conrmation of the data of the previous parts showing only the percentages of those increases. Part (d) also shows the average of the increasesrelated to the substances of each group. Figure 2(a) , which compares the mean permeations (%) for each group without and with ZnO-NPs, better shows the effect of ZnO-NPs on the increase inpermeations of the substances(p<0.05). Figure 2 (b)presents the differences between each pair of the means which were24, 31.33, 20.33 and 5.34 % for the four groups, oily solvents, hydrophobic solvents, hydrophilic solvents and surfactants, respectively. These differences indicated the effect of ZnO-NPs on enhancement of permeation for each group. Although these four differences in Figure 2(b) , were different from each other(p<0.05), but there were no dramatic variations between them, leading to the similarity of the two curves of the Figure 2(a) and revealing the similarity of ZnONPs enhancement effect on the four groups. Considering the solvents (oily, hydrophobic or hydrophilic), the enhancement effect of the ZnO-NPs was found to be almost constant or in a narrow range. This range was 20.33 to 31.33% in this study. Although the ZnO-NPs enhanced the permeations of all the substances (all the four groups), the highest difference was found to be for the hydrophobic solvents as 31.33%(p<0.05) and the lowest for the surfactants as 5.34%(p<0.05) (Figure 2(b) ). In addition, the permeation enhancement effect of the ZnO-NPs was higher for oily orhydrophobic solvents as 24 and 31.33%, respectively, than for hydrophilic solvents as 20.33%(p<0.05) ( Figure  2(b) ). Since without using the ZnO-NPs, the permeations of the oily or the hydrophobic solvents were higher than those for the hydrophilic substances (p<0.05) or the surfactants (p<0.05)(rst series of the Figure 1(a), (b) and (c)), it can be stated that ZnO-NPs enhanced the permeation of the high permeated substances (oily or hydrophobic solvents) more than those of the low permeated substances (hydrophilic substances or surfactants). In other words the enhancement effect of ZnO-NPs was dependent to the substances permeation abilities in the absence of ZnO-NPs. Such a phenomenon can be attributed to the enhancement mechanism of ZnO-NPs which is positioning in the skin layers and disordering the natural microstructure of the layers, causing more permeation of the substances through the skin. This mechanism seems to be almost independent to the chemical structure of the permeant molecule. Figure 3 (Figure 3 (b) and (d) ). One reason could be that all of the substances of group 1 and 2 were hydrophobic and therefore they had good permeations almost without any rate-limiting factor. The other reason could be that their MW varied from 645.6 to 882.9 g/mol for oily solvents and from 72.11 to 348 g/mol for hydrophobic solvents, which were not wide ranges and therefore did not make considerable differences in the effects of the ZnO-NPs. In contrast, effect of the ZnO-NPs on the permeations of group 3 and 4 (hydrophilic solvents and surfactants, 2 respectively), was dependent on their MW(R = 0.553 and 0.914, respectively) (Figure 3 (f) and (h) ). About group 3, the hydrophilic solvents, their permeation were limited by their hydrophilicity. Therefore, not only their permeations were increased by increasing in their MW (Figure 3 (e) ), but their increased permeations in the presence of the ZnO-NPs, were also increased by increasing in their MWs (Figure 3 (f) ). About group 4, the surfactants, not only their permeation were increased by increasing in their MW (Figure 3 (g) ), their increased permeations in the presence of ZnONPs, were dramatically increased by increasing in their MWs (Figure 3 (h) ), apparently because of the increase in their hydrophobicity by increase in their MWs. There are other studies proving that NPs enhanced the [32] [33] [34] [35] [36] [37] permeations of different substances . The studies includedlipid NPs, polymeric NPs, inorganic NPs, etc. The present work opened a door to the enhancement effects of ZnO-NPs which were not studied before and correlated with the enhancement effects of the reported NPs in the literature.
CONCLUSION
The skin permeations of the different substances used in this study were different from each other. Among them, LP, PG and glycerol possessed the highest permeations, respectively. Using ZnO-NPs enhanced and increased the permeation of all the substances.The ZnO-NPs showed higher effects on the hydrophobic and the oily solvents than the hydrophilic solvents and the surfactants. Such enhancement effects were not dependent to the MW of the oily or the hydrophobic solvents but were directly dependent to the MW of the hydrophilic solvents or the surfactants.In conclusion, the ZnO-NPs are suggested to be used properly in topical pharmaceutical or cosmetic products for enhancing the skin permeations of solvents or surfactants (as enhancer excipient).This action potentially can improve the absorption of active ingredient, when percutaneous absorption is intended. On the other hand, cautions should be noticed when the ZnO-NPs are present in topical products not intended for percutaneous drug absorption. Since the ZnO-NPs can enhance the drug absorption by enhancing the permeations of solvents or surfactants present in different formulations.
